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il A  DUST EXPOSURE CALCULATION WORKSHEET 
I DustLevel Safety Factor for this site = 2 

Exposure Limit Dust Quotient 
Exposure Maximum Soil Based on for 

Chemical Limit Concentration Single Compound Each Compound 
(mg/m3) (mg/kg) (EL Mix, mg/m3) (level/limit) 

Aluminum 5 1.E-9 2.5E+15 2.00E-10 
Antimony 0.5 1.E-9 2.5E+14 2.00E-09 
Arsenic su> 0.01 1.E-9 5.E+12 1.00E-07 
Barium ^ 0.5 1.E-9 2.5E+14 2.00E-09 
Beryllium 5- i  0.002 1.E-9 1.E+12 5.00E-07 
Cadmium i t5  0.005 1.E-9 2.5E+12 2.00E-07 
Chlordane 0.5 1.E-9 2.5E+14 2.00E-09 
Chromium 0.5 1.E-9 2.5E+14 2.00E-09 
Chrome (hex) 0.01 1.E-9 5.E+12 1.00E-07 
Cobalt 0.02 1.E-9 1.E+13 5.00E-08 
Copper v, t j7o 1 1.E-9 5.E+14 1.00E-09 
Cyanides 5 1.E-9 2.5E+15 2.00E-10 

iDioxins (hex) i 0.001 
lEndosulfan * 0.1 

0.001 5.E+5 1.00E+00 iDioxins (hex) i 0.001 
lEndosulfan * 0.1 1.E-9 5.E+13 1.00E-08 
Fluorides 2.5 1.E-9 1.25E+15 4.00E-10 
Lead 0.05 10,200 2.45 2.04E+05 
Manganese 0.2 1.E-9 1.E+14 5.00E-09 
Mercury 0.025 1.E-9 1.25E+13 4.00E-08 
Nickel 1 1.E-9 5.E+14 1.00E-09 
Oil Mist 5 1.E-9 2.5E+15 2.00E-10 
PCBs 51 o 0.5 1.E-9 2.5E+14 2.00E-09 
PNAs 0.2 1.E-9 1.E+14 5.00E-09 
Phthalates k, Soo 5 1.E-9 2.5E+15 2.00E-10 
RDX 0.5 1.E-9 2.5E+14 2.00E-09 
Selenium 0.2 1.E-9 1.E+14 5.00E-09 
Silica 0.05 1.E-9 2.5E+13 2.00E-08 
Silver 0.01 1.E-9 5.E+12 1.00E-07 
Thallium 0.1 1.E-9 5.E+13 1.00E-08 
Tin 2 1.E-9 1.E+15 5.00E-10 
Titanium 10 1.E-9 5.E+15 1.00E-10 
Trinitrotoluene 0.1 1.E-9 5.E+13 1.00E-08 
Vanadium 0.05 1.E-9 2.5E+13 2.00E-08 
Zinc 5 1.E-9 2.5E+15 2.00E-10 

• 
Sum 2.04E+05 

Dust Exposure Level at Mixture PEL = 2.451 

343080 
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soils. As a precautionary measure, FID monitoring will be conducted with 
action levels based on benzene (FEL 1 ppm). This should protect against 
any organic vapors that may be generated. 

Die primary hazard for personnel exposure is contact, ingestion, and 
inhalation of contaminated soils. These contaminants are chemicals with 
extremely low volatility (i.e., INAs, FCBs, dioxins, pesticides, and 
herbicides) that are bound to soil particles and iwyhai g (primarily 
arsenic). ^ The particulate hazard presenting the greatest exposure 
potential is arsenic. As can be seen in the following rHimiafinnc; a 
total dust action level of Ing/m will be required to protect against 
exposure. v 

Below ̂ is a rough calculation generally used to determine the concentration 
of airborne particulate matter that would be necessary to exceed the PEL 
for arsenic. Hie primary logic used in developing the equation was to 
determine the maximum percentage of arsenic in soil. Hie first assumption 
is that for any concentration of suspended particulates, the mavimiTm 
percentage of arsenic would be in the dispersion. The next step is to 
utilize the PEL to establish the airborne particulate concentration at 
which the PEL would be reached. 

This is dene as follows: 

8010 ppm = the maximum soil concentration of arsenic 

8010 ppn/1,000,000 = .00801 (percent contamination in one million parts) 

The established PEL for arsenic is 0.010 mg/m3. In order to determine 
the levels of total dust required to reach this PEL, the first step is to 
multiply the maximum airborne concentration of total particulates by the 
percent present in soil to provide the concentration of arsenic suspended 
in the total particulates. Hie following equation may be ns*»d to 
establish the total particulate concentration in air required to exceed 
the PEL for arsenic. 

X = total dust concentration in air 
<« 

p = % contaminant in soil 

C = given PEL for compound 

so, 

X x P = C 
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To determine the airborne concentration at which the EEL will be reached, 
we must solve for X. The solution follows: 

X = unknown 

P = 0.008010 % 

C = 0.010 mg/m3 

X = C/P 
=0.010/0.008010% 
= 1.24 mg/m3 

Based on the above calculations, 1.24 rag/m3 of total dust would contain 
enough arsenic to exceed the EEL of 0.010 mg/m . These levels of total 
dust are likely to be generated during soil disturbance activities due to 
the lew value. In order to prevent the action level from being exceeded, 
dust control measures will be instituted when the action level is 
observed. 

The low total dust action level required to protect against arsenic 
exposure will also be adequate to control other particulate hazards. 
After arsenic, pesticides are the next most serious concern for worker 
exposure. Pesticides are heavy, nonvolatile compounds that are attached 
to soil particles and are, therefore, a particulate hazard. The alpha and 
gamma isomers of benzene hexachloride (BHC) are the most likely to be 
present in airborne dust in quantities large enough to exceed the PEL 
because of their high soil concentrations. The EEL for the gamma iscmer 
of BHC is 0.5 mg/m . No PEL for the alpha isomer has been established, 
but it is reasonable to assume that since the gamma ignmmr- has been 
determined to be the most toxic of the BHC isomers3, the EEL for gamma 
BHC may be used in estimating exposure limits for alpha BHC as a 
conservative estimate. ^ 

Using the same method for calculating total dust action levels for 
arsenic, concentrations of total dust required to exceed the EEL for the 
BHC isomers may be established. The calculations, with the same variables 
(X, P, and C), for determining the action levels for the alpha and gamma 
isomers of BHC are as follows: 

2. Sittig, Marshall Handbook of Toxic and Hazardous rhpmiraig and 
Carcinogens. 2nd Ed., Ndyes Publications, 1985," page 487. 
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Alcha BHC 

X = unknown 

P = 45,000 ppn - 0.045% (concentration of alpha BHC in soil) 

C = 0.5 mg/m3 (PEL of gamma BHC) 

X = C/P 

= 0.5 mg/m3/0.045% 

= 11.11 mg/m3 (total dust required to exceed the estimated 
PEL for alpha BHC) 

Gamma EHC 

X = unknown 

P = 23,000 ppm - 0.023 (concentration of gamma BHC in soil) 

C = 0.5 mg/m3 (PEL of gamma BHC) 

X = C/P 

= 0.5 mg/m3/0.023% 

= 21.7 mg/m3 (total dust required to exceed the EEL for gamma BHC) 

Hie action level for arsenic, as demonstrated by the above calculations 
should be adequate to protect personnel against exposure to BHC. Note. 
also that vision would be cdnpromised at such values, and dust control 
measures would be instituted at values below 11.11 and 21.7 mg/m3. 

Although dToxins are present, measures to control arsenic exposure should 
protect against dioxins as an airborne particulate since they are present 
only in trace amounts (parts per billion range) in the Soil and have a 
very low volatility. silvex, an herbicide, may possibly contain dioxins 
end is in higher soil concentrations (3.1 parts per million). However, it 
is also a particulate hazard and its concentration is low enough that 
methods to control arsenic exposure should be adequate against- silvex as 
an airborne contaminant. Although no PEL is established, evidence 
available, as stated earlier, indicates that long-term serious health 
risks are questionable. The primary risk of exposure to dioxin is contact 
with or ingestion of contaminated soil. 

ENAs such as ;*pyrene are also present in soil. These compounds are 
basically a particulate hazard since they are large and heavy and 
typically do not volatilize in air. Hiese oontaminants are not in high 
enough levels in soil (maximum concentrations below 18 ppm) to present a 
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hazard in total airborne dust. Using the calculation method for 
determining total dust action level, 11,111 mg/m3 of total dust would 
have, to be present to exceed the PEL for pyrene (0.2mg/m3). Vision 
would be severely impaired long before such levels of total dust would be 
reached. ^ Other FNAs (with equal or greater EEIs) are in soil 
concentrations equivalent to pyrene. Therefore, the primary hazard from 
FNAs is due to contact or ingestion of contaminated soils. 

4.3.3 Risk Analysis for Off-Site Personnel /Communities 

Because contaminants on site are primarily a particulate hazards, the 
primary concern for preventing exposure to off-site personnel and any 
surrounding ccmmunities will be the control of fugitive dusts migrating 
Off-site. 

Air monitoring will be conducted to determine whether dust levels produced, 
exceed established background levels (see Section 10). Should dust exceed 
established action levels, work will not be permitted to continue until 
steps are taken to reduce dusts generated by Site activities to background 
levels. 

4.3.4 Control Methods 

In all situations, control methods to be employed to minimize exposure are 
as follows: 

Engineering 

- IXist levels will be controlled to prevent migration of dust above 
established background levels off site in accordance with contract 
specifications. 

Administrative 

- Distance between worker and actual contaminated area, i.e., 
placing heavy equipment on clean side during certain activities to 
provide seme measure of remoteness to the operation. 

Staying -upwind from contaminant emissions. 

FEE 

- Use of respiratory and personnel protection as required to prevent 
inhalation of or contact with contaminated soils. 
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CALCULATING PARTICULATE ACTION LEVELS 

7.1 No Contaainant of Concern 

For job-sites vhere there is no contaainant of concern, keep exposure to 
resplrable nuisance dusts, belov the OSBA PEL of S ag/e». This iaplies 
that vorfc teans will don respirators vhen the concentration of resplrable 
dust exceeds 2.5 eg/a'. See Section 8.1. 

7.2 One Contaminant of Concern 

For job-sites vith a single contaainant of concern (such as cadaiua), the 
following formula can be used to establish an exposure llait. 

BL . . (EL ag/a* ) - (10* ag/Ks) (EL ag/n») 
• (cone g/g) (Safety Factor) (cone ag/Kg) (Safety Factor) 

Vherei 

BL * i Air concentration of total dust at which the contaainants of 
concern would be at their established exposure Halt. 

BLi Exposure liait of the contaainant of concern, e.g., its FBL, 
~ RBL, or TLV, whichever is lower, in ag/a1 

10 i Conversion factor 
conci Soil concentration of the contaainant of concern in eg/kg 
Safety A number between one and ten used to account for the degree of 
Factori confidence, 

The safety factor is dependent on whetheri 

o The concentration of the contaainant in the airborne dust is 
the saae as its concentration in soil, 

o The soil concentration data depicts a representative or worst 
case. 

o The aonitoring instrument used accurately reports the 
concentration of dust In air (a resplrable dust aonltor will 
under-report the concentration of total dust in air). 

If your confidence that the data represent site conditions well, use a 
safety factor of 2. If you have no confidence, use 10. In the absence 
of other inforaation, use 4. 

Bxaaplet 

Cadaiua in soil at 2,000 ppa. TLV • 0.05 ag/a* 

Exposure Liait, EL_,^ • (10*ag/Kg) (.05 ag/a* ) . 6.25 •*/•» 
•" lilcoxjici) (4) 



Exposure Ualti and Action Level* Detei Scpteaber 19, 1991 

In the exaaple, cadaiua at 2,000 ag/Bg (ppa) resulta la a dust exposure 
lialt of 9.23 eg/a*. Vhen the atnosphere contains (.25 ng/a" of total 
dust, it contains no eora than 0.03 ag/a» of cadeiua, its TLV. Respiratory 
protection vould be recoaaended at reapirable dust levels of 2.5 eg/a1, one 
half of the 0SRA dust PBL. Cadaiue vould not present a health problea la 
this case. 

7.3 Several Contaalnants vith a Collective Exposure Unit 

For sites contanlnated vith chealcals that have a collective lieit (e.g., 
polynuclear aromatic hydrocarbons (PNAs)J, the sua of the total 
contaalnants found in soils should be used to establish soil concentration. 
The equation belov can be used to establish the exposure linits 

BL . - (BL(c) eg/a*) . (10* ag/Bg) (BL(c) ag/a») 
(fconc ng/Kg) (Safety Factor) (Iconc ag/Bg) (Safety Fac Factor) 

Vheres 

BL(c)i Collective exposure lialt,. e.g., the TLV or FBL, vhlchever is 
lover, for the group as a vhole, in ag/a*. 

Iconci Sua of the soil concentrations of the contaalnants of concern 
in ag/Bg 

All other terns are defined as in Section 7.2. 

Examples 

Total polycycllc aronatlc hydrocarbon concentration in soli is 4,500 ag/Bg. 
EL(c) • 0.2 ag/a*. 

BL . • (10* ng/Bg) (0.2 ag/n>) . 11 »/•> 
(4,500 ng/Bg) (4) 

Again, the nuisance dust TLV vould apply before the exposure lialt for FNAs 
vas reached. Respiratory protection Vould be recoaaended at one half the 
dust Halt or 2.5 ag/a*. A full face respirator vith a high efficiency and 
organic vapor filter vould be appropriate for this exposure. 

7.4 Several Contaalnants vith Individual Exposure Llaits 

The previous equation can be used for aerosols of dust containing nore than 
one contaalnant of concern by adding individual soil concentration/ TLV 
(conc/TLV) terns before dividing thea into the 10 ng/Bg tera. 

BL . . (10* ag/Bg) 
I I(conc(|/BL||)J (Safety Factor) 

Vheret 

BLa . Established exposure lialt for each contaalnant of concern In 
the soil. 

The reaainlng teras are defined as in Sections 7.2 and 7.J. 



The easiest way to apply the foraula above i« through use of a table like 
the exaaple shovn below. 

Contaalnant OSRA PEL ACGIB TLV Soil Cone Cone /BL 

Arsenic 0.01* 0.20 1*500 

M | 

150,000 
Cadaiua 0.20 0.05* 2,000 40,000 
Chroalua 0.50 0.05* 1,000 20,000 
Nickel 1.00 1.00* 500 500 
Lead 0.03* 0.13 2.500 50,000 

Total 260,500 

* Thla Halt vas used as BL. n 

)* 
(260,500) (4) 

«*B1X - (10 ag/Kg) - 0.96 ag/a» 

An exposure linlt of 1.0 ag/a* vould be established for this soil. 
Respiratory protection vould be recoaoended for any activity producing 
dust, for vindy conditions! or vhen dust is visible (Section 8.1). 




